Two different hexose-phosphorylating enzymes, hexokinase and fructokinase, were partially purified from suspension-cultured Catharanthus roseus cells. One of the enzymes, hexokinase, catalyzed the phosphorylation of both glucose and fructose. The K m values for glucose and fructose were 0.06 mM and 0.23 mM, respectively. The V max of the enzyme with fructose was approximately three times higher than with glucose. This enzyme was specific in its requirement for ATP and its K m value for ATP was 52 (ÍM. The optimum pH was 8.0 and Mg :+ or Mn :+ was required for the activity. The activity was inhibited by considerably higher concentrations of ADP (i.e., 4 mM ADP was required for 50% inhibition). The second enzyme, fructokinase, was specific for fructose, and no activity was detected with glucose as substrate. This enzyme used UTP or CTP as phosphate donor. The K m values of this enzyme for fructose and UTP were 0.13 mM and 0.15 mM, respectively. The pH optimum was 7.2, and Mg 2+ or Mn 2+ was required for the activity. These divalent cations could be partially replaced by Ca 2+ . The activity was inhibited noncompetitively by ADP and AMP. 90% inhibition of the activity by 0.5 mM ADP was observed in the presence of 2 mM UTP and 5 mM MgCl 2 . Fructose-2,6-bisphosphate, glucose-1,6-bisphosphate, glucose-6-phosphate, and fructose-6-phosphate had little or no effect on the activity of both the hexokinase and the fructokinase. Based on these results, a discussion is presented of the role of hexokinase and fructokinase and their involvement in the regulation of the metabolism of sugars in Catharanthus cells.
Introduction
Phosphorylation of free hexoses is the initial step in the incorporation of sugars into the glycolytic and into biosynthetic pathways in plant cells. This step is catalyzed by enzymes called hexose kinases. Hexose kinases are usually classified into three types of enzyme with respect to their substrate specificity: 
In the course of our research into the mechanisms that regulate glycolysis in cultured
Catharanthus roseus cells [13] [14] [15] , we found that one of the most likely rate-limiting reactions in the flux of glycolysis is the phosphorylation of hexose. Thus, in the present study, our attention was focussed on hexose kinases in these cells. We purified two hexose phosphorylating enzymes from the cells and characterized their properties. From our analysis of the kinetic data, we are able to speculate on the possible role of these enzymes in the metabolism of carbohydrates in plant cells.
Materials and Methods

Plant materials
Suspension cultures of Catharanthus roseus (L.)
G. Don [= Vinea rosea L.] (strain B/TH) were maintained as described in an earlier report [14] . Kinetic experiments were carried out at least twice using different preparations of enzymes. Typical data are presented in tables and figures.
Purification of H K and FK
Assays of enzymatic activities
Results
Hexokinase activities in extracts
In preliminary experiments, extracts from 5-dayold cells from suspension cultures of Catharanthus roseus were treated with 70% saturated ammonium sulphate. After the precipitated protein fraction was desalted on Sephadex G-25, the protein was fractionated by HPLC on Shodex IEC QA-824 as described in Materials and Methods. When fractions were assayed for hexose kinase activity with glucose and ATP, two peaks were observed. In addition, a third peak appeared when the activity was assayed with fructose and UTP. Fig. 1 shows elution profiles of hexose kinases with fructose as the substrate and with ATP or UTP as the phosphate donor. For convenience, the peaks are designated Fractions I, II, and III, in order of elution. During these preliminary studies, outlines of the properties of these Fractions were elucidated. Fraction I phosphorylated both glucose and fructose and used ATP as phosphate donor. Fraction II had a relatively greater ability to phosphorylate fructose and used UTP rather than ATP as phosphate donor. Fraction III phosphorylated both glucose and fructose with ATP, but its activity was much lower than the activities of Fractions I and II. Therefore, we purified the activities in Fractions I and II and characterized them further. From the properties of the materials in these fractions, we refer to Fraction I as hexokinase (HK), and to Fraction II as fructokinase (FK).
Separation of HK from FK
HK and FK were partially separated from each other by HPLC on Shodex IEC QA-824 (Fig. 1) . However, the separation of the two enzymes was incomplete, especially when large amounts of protein were loaded. Therefore, for kinetic studies, we followed the procedure described in Materials and Methods. 
Effect of concentration of hexose
The effects of various concentrations of glucose and fructose on the activity of HK and FK were determined and kinetic constants are summarized in 
Specificity and the effects of concentration of nucleoside triphosphates
The specificity of the nucleotide triphosphates required by HK and FK is shown in Table II . ATP was the preferred phosphate donor for HK. In contrast, the pyrimidine nucleotides, UTP and CTP, were bet- 
Effect ofpH
The effect of pH on the activities of HK and FK is shown in Fig. 3 . The optimum pH for HK was 8.0, while that for FK was 7.2. 
Effects of divalent cations
Effects of nucleoside mono-and diphosphates
The effects of ADP, UDP, AMP, and UMP on the activity of HK and FK were investigated (Fig. 5) .
Each of these nucleotides inhibited the activity of both HK and FK, but the most significant inhibition was found in the case of FK. Among nucleotides 
Effect of metabolites
Under the standard assay conditions, little or no effect of glucose-6-phosphate (1 mM), fructose-6-phosphate (1 mM), glucose-l,6-bisphosphate (2 mM) and fructose-2,6-bisphosphate (2 ^M) was found on the activities of HK and FK (data not shown). The optimum pH of Catharanthus HK is 8.0 and the activity was higher at alkaline pH (7.5-9.5) than at neutral or acidic pH (Fig. 3) . Similar pH optima were also reported in hexokinases from Loranthus leaves [23] , the plant cytosolic fraction of soybean nodules [20] , garlic bulbs [24] , and pea seeds [7, 16] .
Discussion
In contrast, the pH optimum of FK from Catharanthus cells is 7.2 (Fig. 3) . 
